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OHVVHUWLPHZLWKKLJKDFFXUDF\DVFRPSDUHGWRWKHFRQYHQWLRQDOWHFKQLTXHVDYDLODEOH.H\*DV'XDO7ULDQJOH5RJHUV5DWLR,(&
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PRVWDFFXUDWHIDXOWSUHGLFWLRQV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIRUJDQL]LQJFRPPLWWHHRIWKH6HFRQG,QWHUQDWLRQDO6\PSRVLXPRQ&RPSXWHU9LVLRQDQGWKH
,QWHUQHW9LVLRQ1HW¶
.H\ZRUGV.H\*DV0HWKRG'XYDO7ULDQJOH0HWKRG'RHUQHQEXUJ5DWLR,(&5DWLR0HWKRG5RJHUV5DWLR0HWKRG$110/3311


&RUUHVSRQGLQJDXWKRU7HO
(PDLODGGUHVVKDVPDWPDOLN#JPDLOFRP
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of the Second International Symposium on Computer Vision and the Internet 
(VisionNet’15)
666   Hasmat Malik et al. /  Procedia Computer Science  58 ( 2015 )  665 – 672 
,QWURGXFWLRQ
3RZHU WUDQVIRUPHUV DUH HVVHQWLDO DQG H[SHQVLYH HTXLSPHQW DPRQJ WKH ZKROH SRZHU V\VWHP 7KH\ SOD\ YHU\
FUXFLDO UROH IRU IURPSRZHUJHQHUDWLRQ WRGLVWULEXWLRQDQG WKHUH LV QRVXEVWLWXWH IRU WKHLU VHUYLFH$Q\ IDXOW LQ WKH
WUDQVIRUPHU PD\ HYHQ OHDGV WR VHUYLFH LQWHUUXSWLRQV ZKLFK DIIHFWV WKH SHUIRUPDQFH DQG UHOLDELOLW\ RI WKH ZKROH
V\VWHP(YHQLQQRUPDORSHUDWLRQWUDQVIRUPHULVH[SRVHGWRQXPEHURIHOHFWULFDODQGWKHUPDOVWUHVVHV,QKLJKVWUHVV
FRQGLWLRQV  RYHUKHDWLQJ KLJK HQHUJ\ GLVFKDUJHV ORZ HQHUJ\ GLVFKDUJHV SDUWLDO GLVFKDUJHV HWF DUH VRPH IDXOWV
ZKLFK OHDGV WR WKHJHQHUDWLRQRIJDVHV OLNH(WKDQH&++\GURJHQ+$FHW\OHQH&+&DUERQGLR[LGH&2
&DUERQ0RQR[LGH &20HWKDQH&+ DQG(WK\OHQH&+ >@:KHUHDV&2DQG&2 DUH HPLWWHGZKHQ WKHUH LV
GHFRPSRVLWLRQRISDSHULQVXODWLRQLQWKHRLO>@,IWKHVHJDVHVDFFXPXODWHUDSLGO\LQODUJHTXDQWLWLHVWKHQLWFDQEHD
FRQFHUQDVWKHVHDUHZDUQLQJIRULQFLSLHQWIDXOWFRQGLWLRQV,IWKHVHZDUQLQJLJQRUHGLWFDQHYHQOHDGVWRVHULRXVIDXOW
FRQGLWLRQVRPHWLPHVHYHQFRPSOHWHEUHDNGRZQRIWUDQVIRUPHU7KHVHJDVHVFDQEHDQDO\VHGE\'*$DQDO\VLVXVLQJ
,(&  VWDQGDUG >@ '*$ GLDJQRVLV LV DQ LPSRUWDQW GLDJQRVWLF IRU DQDO\VLQJ DQG LQWHUSUHWLQJ JDVHV WKDW
GLVVROYH LQ RLO GXH WR WKH GHFRPSRVLWLRQ RI LQVXODWLRQ OLNH WUDQVIRUPHU PLQHUDO RLO DQG SDSHU LQVXODWLRQ >@ )RU
GHWHFWLQJWKHLQFLSLHQWIDXOWFRQGLWLRQVUHJXODURLOVDPSOHDQDO\VLVLVUHTXLUHGZKLFKFDQEHWLPHWDNLQJSURFHVVDQG
VRPHWLPHHYHQQHHGWUDQVIRUPHUWREHPDGHRIIOLQH>@
7KHUH DUH QXPEHU RI PHWKRGV FRQYHQWLRQDO PHWKRGV OLNH .H\*DV0HWKRG 5RJHUV 5DWLR0HWKRG ,(&5DWLR
0HWKRG'RHUQHQEXUJ0HWKRGDQG'XYDO7ULDQJOH0HWKRGZKLFKXVHV'*$UHVXOWVIRULQWHUSUHWDWLRQRIIDXOW>@
VRPHWLPHV FRQYHQWLRQDO PHWKRGV PD\ QRW JLYH DFFXUDWH UHVXOWV DQG QHHG H[SHUW¶V DQDO\VLV $FFXUDF\ RI WKH
FRQYHQWLRQDOPHWKRGLVDIIHFWHGZKHQLWGRHVQRWJLYHDSSURSULDWHUHVXOWVIRUVDPHJDVDQGRLOVDPSOHV>@7KHUHIRUH
ILQGLQJ DFFXUDWH UHVXOWV IRU IDXOW GLDJQRVLV LV ELJ FKDOOHQJH LQ WKH UHVHDUFK DUHD RI SRZHU WUDQVIRUPHU FRQGLWLRQ
PRQLWRULQJ >@ 1RZDGD\V $UWLILFLDO ,QWHOOLJHQFH $, WHFKQLTXHV OLNH DUWLILFLDO QHXUDO QHWZRUN $11 JHQH
DOJRULWKP*$IX]]\ORJLF)/VXSSRUWYHFWRUPDFKLQH690HWFDUHH[WHQVLYHO\SRSXODULQGHYHORSLQJPRGHOV
ZKLFKJLYHPRUHSUHFLVHDQGDFFXUDWHUHVXOWVIRUIDXOWFODVVLILFDWLRQDVFRPSDUHGWRFRQYHQWLRQDOPHWKRGV>@
)RUIDXOWGLDJQRVLVDUWLILFLDOLQWHOOLJHQFHQHWZRUNXVHV'*$GDWDDQGPRVWRIWKHVWXGLHVXVH,(&FRGHVDQG,(((
FRGHVRIVWDQGDUGIRUWKHDFFXUDWHIRUHFDVWLQJ,QWKLVSDSHUVWXG\KDVEHHQPDGHWRFRPSDUHWKHPRVWDFFXUDWHLQSXW
SDUDPHWHUVZKLFKJLYHPRVWDFFXUDWHIDXOWSUHGLFWLRQ5RJHUV5DWLR0HWKRG'XDO7ULDQJOH'RHUQHQEXUJ0HWKRG
.H\ *DV 0HWKRG ,(& 5DWLR 0HWKRG HLJKW LQSXW GDWD VDPSOHV &+ &+  &+&+ &+  &++
&+&+&+&+&+&+DQG&++&+&+&+&+ &+&+&+&++&+
&+&+&+&+ &++&+&+&+&+ &+&+&+&+&++&+&+ DUH FRPSDUHG
ZLWK GLIIHUHQW $11 PRGHOV OLNH 3UREDELOLVWLF 1HXUDO 1HWZRUN311 DQG0XOWL/D\HU 3HUFHSWURQ0/3 PRGHOV
311DQG0/3PRGHOVDUHWUDLQHGZLWKGDWDVDPSOHVFROOHFWHGIURPGLIIHUHQWUHVHDUFKSDSHUVDYDLODEOHRQOLQH
DQGGDWD VDPSOHVDUH WHVWHG IRU ILQGLQJ WKHDFFXUDF\RI WKHQHWZRUN7KH11PRGHOVDUHGHVLJQHGDQG WUDLQHG
EDVHGRQVHWRIWUDLQLQJGDWDV>@7KHSHUIRUPDQFHRIWKHQHWZRUNLVHYDOXDWHGLQWHUPVRI0$3(06(506(
DQGDFFXUDF\
7KLV UHVHDUFK SDSHU LV RUJDQL]HG LQ WKH IROORZLQJ VHFWLRQV 6HFWLRQ  FRQVLVWV RI ,QWURGXFWLRQ DQG OLWHUDWXUH
UHYLHZ'DWDEDVHDQGPHWKRGRORJ\LVGLVFXVVHGLQVHFWLRQ ,QVHFWLRQUHVXOWVDQGGLVFXVVLRQLVSUHVHQWHGDQGLQ
VHFWLRQFRQFOXVLRQVLVGLVFXVVHG

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&+(WK\OHQH &2&DUERQ0RQR[LGH 7'&*7RWDO'LVVROYH&RPEXVWLEOH*DV
&+$FHW\OHQH &2&DUERQGLR[LGH  
0DWHULDODQG0HWKRGRORJ\
'DWDEDVH8VHG
,Q WKLV SDSHU  '*$ GDWD VDPSOHV RI  RLO DUH FROOHFWHG IURP GLIIHUHQW UHVHDUFK SDSHUV DYDLODEOH RQOLQH
VDPSOHV IURP>@  VDPSOHV IURP>@  VDPSOHV IURP >@  VDPSOHV IURP>@  VDPSOHV IURP>@ 
VDPSOHV IURP>@VDPSOHVIURP>@VDPSOHV IURP>@ 2LO VDPSOHVDUH WUDLQHGDQGVLPXODWHGDQGDUH
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XVHG DV WKH GDWD VHW7KHUH DUH IROORZLQJ DVVXPSWLRQVPDGH GXULQJ WKH SUHSDUDWLRQ RIGDWD VHWV D  IRU QR JDV
FRQFHQWUDWLRQDYDLODEOHEQXOOZKHQLQWHUPHGLDWHUDWLRFDQGDVVXPHZKHQUDWLRYDOXHLVLQILQLWH
)URPWKHGDWDVHWLQSXWGDWDVHWLVSUHSDUHGXVLQJILYHNH\JDVHVLQSSP&++&+&+DQG&+HOHYHQ
NH\JDVHVVDPSOHV&++&+&+&+&+&++&+&+&+&+&+&+&++&+&+
&+&+&+&+DQGWKUHHJDVSHUFHQWDJHV&+&+&+7KHVHJDVUDWLRVFRPELQDWLRQVDQGJDV
SHUFHQWDJHV KHOSV LQ VHOHFWLQJ LQSXW SDUDPHWHUV IRU $UWLILFLDO ,QWHOOLJHQFH PRGHOV 311 DQG 0/3 ZKLFK JLYH
KLJKHVWDFFXUDF\IDXOWSUHGLFWLRQ
$FFRUGLQJWRWKH,(((6WDQGDUG&WKHFRQGLWLRQRIWKHWUDQVIRUPHULVFODVVLILHGLQWRIRXUOHYHOFULWHULRQVDV
VKRZQ LQ 7DEOH >@ &RQGLWLRQ  LQGLFDWHV WKH QRUPDO RSHUDWLRQ RI WUDQVIRUPHU FRQGLWLRQ  VKRZV WKDWPRGHVW
FRQFHUQLVQHHGHGIRUWUDQVIRUPHUZKHUHDVFRQGLWLRQDQGLQGLFDWHVWKDWWUDQVIRUPHULVXQGHULPPLQHQWULVNDQG
PDMRUFRQFHUQDQGLPPHGLDWHDFWLRQLVUHTXLUHGWRDYRLGFRPSOHWHIDLOXUH7KHVHFRQGLWLRQVKHOSLQXQGHUVWDQGLQJ
DW WKH OHYHO RI ULVN IRU WUDQVIRUPHU 7KLVPHWKRG LV DOVR FDOOHG DV IDXOW JDV YROXPHPHWKRG DQG DOVR LV XVHG IRU
FRQWLQXRXV PRQLWRULQJ RI WUDQVIRUPHUV >@ ,(((,(& KDV SURSRVHG WKUHH VWDQGDUGV UDWLR PHWKRGV  ,(& UDWLR
PHWKRG 5RJHU¶V UDWLR PHWKRG DQG GRHUQHQEXUJ PHWKRG DV VKRZQ LQ 7DEOH  ZKLFK LV D VWDQGDUG FULWHULRQ IRU
LQWHUSUHWLQJ IDXOW FRQGLWLRQ $FFRUGLQJ WR WKH ,((( VWDQGDUG & EDVHG RQ WKH JDV FRQFHQWUDWLRQ IDXOWV DUH
PDLQO\FODVVLILHGLQWRVL[W\SHVDVVKRZQLQ7DEOH
7DEOH'LVVROYHJDVFRQFHQWUDWLRQ>@7'&*LVWKHWRWDOGLVVROYHGFRPEXVWLEOHJDVYROXPH>OLWHUVJDOORQV@
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
7DEOH,(((,(&FULWHULDIRULQWHUSUHWLQJIDXOWV>@
0HWKRGV &++ 9 &+&+ : &+&+ ; &+&+ < &+&+ ; 6XJJHVWHG)DXOW
'RHUQHQEXUJ5DWLR
0HWKRG
!    !
7KHUPDO
GHFRPSRVLWLRQ
  1RW6LJQLILFDQW   ! 3'ORZLQWHQVLW\
 9 !  !  3'+LJKLQWHQVLW\
5RJHUV5DWLR0HWKRG 9     1)
      3'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
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 9  WR   7)
 !  WR   7)
 !  !   7)
,(&5DWLR0HWKRG WR     1)
  !    3'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
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 WR
WRRU
!
WRRU
!
  '
 WR WR ൒ ͵ǤͲ   '
 WR  ͲǤͳ ൑ ܺ ൑ ͵ǤͲ   7
 !  !   7
0XOWL/D\HU3HUFHSWURQ0/3
0XOWLOD\HUSHUFHSWURQLVDIHHGIRUZDUGDUFKLWHFWXUHW\SHQHXUDOQHWZRUNWHFKQLTXH>@UHSUHVHQWHGLQ)LJ,W
PDSV LQSXW GDWD VHWV RQWR RXWSXW GDWD VHWV0/3 FRQWDLQVPXOWLSOH OD\HUV RU QHXURQV WKDW LQWHUDFW ZLWK ZHLJKWHG
FRQQHFWLRQVDQGDUHFRQQHFWHGLQOD\HUV8VXDOO\LWKDVPLQLPXPRIWKUHHOD\HUV,QSXWOD\HUKLGGHQOD\HUFDQEH
PRUHWKDQRQHDQGDQRXWSXWOD\HU,QSXWVGDWDLVGLVWULEXWHGWRVXEVHTXHQWOD\HUVE\WKHLQSXWOD\HU)RUWUDLQLQJ
SXUSRVH 0/3 XVHV EDFN SURSDJDWLRQ VXSHUYLVHG OHDUQLQJ WHFKQLTXH 0XOWLOD\HU SHUFHSWURQ PRGHO FRPH ZLWK
DGYDQWDJH WKDW E\ DGGLQJ KLGGHQ OD\HUPRUH WDUJHW IXQFWLRQ FDQEH UHSUHVHQWHG+RZHYHU LQPXOWLOD\HU QHWZRUN
WKHUHLVQRJXDUDQWHHFRQYHUJHQFHWRPLQLPDOHUURUZHLJKWYHFWRU
3UREDELOLVWLF1HXUDO1HWZRUN311
3UREDELOLVWLFQHXUDOQHWZRUNLVDIHHGIRUZDUGPXOWLOD\HUHGW\SHQHXUDOQHWZRUNRIVWDWLVWLFDODOJRULWKPZKHUH
QHWZRUNLVRUJDQL]HGLQWRIRXUOD\HUV,QSXWOD\HU+LGGHQOD\HU3DWWHUQOD\HURUVXPPDWLRQOD\HUDQG2XWSXWOD\HU
VKRZQ LQ )LJ >@311FDQEHXVHG IRUPDSSLQJ FODVVLILFDWLRQRU WR HVWLPDWH SUREDELOLWLHV3UREDOLVWLF QHXUDO
QHWZRUNFDQZRUN LQSDUDOOHOZLWKRXWDQ\ IHHGEDFN IURP WKH LQGLYLGXDOQHXURQV WR WKH LQSXWDQG WUDLQLQJ LVHDV\
311 WUDLQLQJ LV IDVWHU FRPSDUHG WR0/3 WUDLQLQJ KRZHYHU LW UHTXLUHV KLJKPHPRU\ >@7KH LQSXW XQLWV WKDW
GLVWULEXWH VDPH  LQSXW  YDOXHV  WR WKH SDWWHUQ XQLW WR SHUIRUP QRQOLQHDU DFWLYDWLRQ EHIRUH VHQGLQJ YDOXH WR WKH
VXPPDWLRQXQLW6XPPDWLRQXQLWDGGWKHLQSXWVIURPSDWWHUQXQLWDIWHUZKLFKWUDLQHGLQSXWLVIHWFKDVDQRXWSXW>@
 
)LJ0RGHORI0XOWLOD\HU3HUFHSWURQ )LJ0RGHORI0XOWLOD\HU3HUFHSWURQ(TXDWLRQV
$11%DVHG0RGHO)RUPDWLRQ
)LJ  VKRZV WKH IORZ FKDUW RI WKH RI 311 DQG0/3PRGHO ,Q WKLV VWXG\ IDXOWV DUH  FODVVLILHG LQWR VL[ IDXOW
FRQGLWLRQV 1) 3'''7)7) $FFRUGLQJ WR WKH IDXOW FRQGLWLRQ WKH WDUJHW YDOXHV IRU 311 DQG0/3 DUH
VKRZQLQ7DEOH1)UHSUHVHQWLQJQRIDXOWFRQGLWLRQ3'UHSUHVHQWVSDUWLDOGLVFKDUJH'LVORZHQHUJ\GLVFKDUJH
'UHSUHVHQWVKLJKHQHUJ\GLVFKDUJH7)LVWKHUPDOIDXOWVOHVVWKDQR&DQG7)LVWKHUPDOIDXOWJUHDWHUWKDQ
R&)LJVKRZVEORFNGLDJUDPRILPSOHPHQWDWLRQRI0/3DQG311PRGHO
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7DEOH7DUJHWYDOXHVIRU0/3DQG311
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 
)LJ)ORZFKDUWRILPSOHPHQWDWLRQRI0/3DQG311PRGHOV
5HVXOWV$QG'LVFXVVLRQ
7KH  VDPSOHV RI '*$ DUH DQDO\VHG DQG FRPSDUHG XVLQJ DUWLILFLDO WHFKQLTXHV OLNH 311 DQG 0/3 7KH
FRQYHQWLRQDO UDWLRV DUH VHUYLQJ DV DQ LQSXW WR WKH DUWLILFLDO LQWHOOLJHQFH QHWZRUN PRGHOV 7UDLQHG0/3 QHWZRUN
UHVXOWVDUHVKRZQE\WKHFRQIXVLRQPDWUL[HVDVVKRZQLQ)LJDWR)LJJ:KHUHDVUHVXOWVRI311PRGHODUH
VKRZQLQWKHJUDSKGLYLGHGLQWRWZRSDUW)LJDWR)LJJ%OXHSDUWORZHURQHSDUWRIWKHJUDSKVKRZVWKH
WDUJHW YDOXHVZKHUHDV UHG SDUW XSSHU RQH SDUW RI WKH JUDSK VKRZV WKH RXWSXW RI WKH WUDLQHG QHWZRUN 6SLNHV RQ
JUDSKVVKRZWKHPLVFDOFXODWHGVDPSOHVDIWHUWUDLQLQJRIQHWZRUN6SLNHLQXSZDUGGLUHFWLRQLQGLFDWHVRXWSXWYDOXH
JUHDWHUWKDQWKHWDUJHWYDOXHZKHUHDVVSLNHLQGRZQZDUGLQGLFDWHRXWSXWYDOXHOHVVWKDQWKHWDUJHWYDOXH
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
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J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)LJ0/3&RQIXVLRQ0DWUL[IRUD.H\*DV0HWKRGE'RHUQHQEXUJ5DWLR0HWKRGF5RJHU¶V5DWLR0HWKRGG,(&5DWLR0HWKRGH'XYDO
7ULDQJOHPHWKRGI$OOSDUDPHWHUVDVLQSXWDQGJVHOHFWHGSDUDPHWHUVDVLQSXW

DE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F
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HI

J
)LJ311JUDSKVIRUPLVFDOFXODWHGVDPSOHVIRUD.H\*DV0HWKRGE'RHUQHQEXUJ5DWLR0HWKRGF5RJHU¶V5DWLR0HWKRGG,(&5DWLR
0HWKRGH'XYDO7ULDQJOHPHWKRGI$OOSDUDPHWHUVDVLQSXWDQGJVHOHFWHGSDUDPHWHUVDVLQSXW
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7KHSHUIRUPDQFHRIWKH0/3DQG311PRGHOVDUHPHDVXUHGE\$FFXUDF\0HDQ$EVROXWH3HUFHQWDJH(UURU
0$3(0HDQ6TXDUH(UURU06(5RRW0HDQ6TXDUHG(UURU506(
$FFXUDF\RI0RGHO$ ்௢௧௔௟ௌ௔௠௣௟௘௦ȁ௖௢௥௥௘௖௧௟௬௖௟௔௦௦௜௙௜௘ௗ
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 
5RRWPHDQVTXDUHHUURU506(  06(    
:KHUH(L _7W7P_ZKHUHQLVHTXLYDOHQWWRQXPEHURIGDWDVDPSOHV7WLV7DUJHWGDWDDQG7PLVPRGHOGDWDRXWSXW
GDWD
7DEOH3HUIRUPDQFH7DEOHIRU3110RGHO
0HWKRG 0$3( 06( 506( $FFXUDF\
.H\*DV    
'XYDO0HWKRG    
'RHUQHQEXUJ0HWKRG    
,(&5DWLR    
5RJHUV5DWLR    
$OO,QSXW    
,QSXW    

7DEOH3HUIRUPDQFH7DEOHIRU0/30RGHO
0HWKRG 0$3( 06( 506( $FFXUDF\
.H\*DV    
'XYDO7ULDQJOH    
'RHUQHQEXUJ0HWKRG    
,(&5DWLR    
5RJHU5DWLR    
$OO,QSXW    
,QSXW    
,Q WKLV SDSHU DFFXUDF\RISUHGLFWLRQRI IDXOW LV HYDOXDWHGE\0$3( >@$FFXUDF\PHDVXUHPHQWZLWK0$3(
JLYHV PRUH DFFXUDWH UHVXOWV DV FRPSDUHG WR 06( 506( LQ WUHQG HVWLPDWLRQ 0$3( PHDVXUHV DFFXUDF\ LQ
SHUFHQWDJH 0$3(   VKRZV KLJK DFFXUDF\  0$3(   VKRZV JRRG DFFXUDF\ ZKHUHDV  
0$3(IRUVRXQGDFFXUDF\DQG0$3(VKRZVLQYDOLGIRUHFDVWLQJ7KH0$3(06(506(DFFXUDF\
RI0/3PRGHODQG311PRGHOLVFRPSDUHGLQ7DEOHDQGLQ7DEOH,WLVIRXQGWKDWWKHDFFXUDF\IRUSUHGLFWLRQRI
IDXOW JDVVHV LVPRUH LQ 311 DV FRPSDUHG WR WKH0/3PRGHO7KH DFFXUDF\ RI SURSRVHG HLJKW LQSXW YDULDEOHV LQ
UHIHUHQFH>@&++&+&+&+&+&+&+&+&+&+DQG&+&+LVZKLFK
LVKLJKHVWDPRQJVWRWKHULQSXWYDULDEOHVRI311PRGHOV
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&RQFOXVLRQ
7KH DFFXUDF\ RI HLJKW LQSXW YDULDEOH &++ &+&+ &+&+ &+ &+ &+&+&+ DQG
&+&+ LV  ZKLFK LV KLJK DV FRPSDUHG WR 0/3 PRGHOV DQG RWKHU LQSXW YDULDEOHV RI 311 PRGHOV
7KHUHIRUHSHUIRUPDQFHRI311LVEHWWHUWKDQ0/3)XWXUHZRUNLVIRFXVHGRQWRILQGRXWWKHVWDWHRIDUWUHODWHGWR
GLIIHUHQW$,WHFKQLTXHVZKLFKPD\JLYHVSHUFHQWDJHDFFXUDWHUHVXOWVXVLQJWKHVHHLJKWLQSXWYDULDEOHV
5HIHUHQFHV
 ,(& ³,(& JXLGH IRU WKH LQWHUSUHWDWLRQ RI GLVVROYHG DQG IUHH JDVHV DQDO\VLV ³,(&6WDQGDUG ,(&   )DFLOLWLHV LQVWUXFWLRQV DQG
WHFKQLTXHV),679ROXPHWUDQVIRUPHUGLDJQRVWLFV´-XQH
 6RXDKOLD.%DFKD$&KDDUL³$UWLILFLDO,QWHOOLJHQFH7RROV$LGHGGHFLVLRQIRU3RZHU7UDQVIRUPHU)DXOW'LDJQRVLV´,QWHUQDWLRQDO-RXUQDO
RI&RPSXWHU$SSOLFDWLRQV9ROXPH1R-DQ
 +DVPDW 0DOLN 6XNXPDU 0LVKUD $ORN 3UDNDVK0LWWDO ³6HOHFWLRQ RI 0RVW 5HOHYDQW ,QSXW 3DUDPHWHUV 8VLQJ :DLNDWR (QYLURQPHQW IRU
.QRZOHGJH$QDO\VLV IRU*HQH([SUHVVLRQ3URJUDPPLQJ%DVHG3RZHU7UDQVIRUPHU)DXOW'LDJQRVLV´7D\ORU DQG)UDQFLV(OHFWULF3RZHU
&RPSRQHQWVDQG6\VWHPV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±-DQXDU\
 ,(((³,(((JXLGHIRUWKHLQWHUSUHWDWLRQRIJDVHVJHQHUDWHGLQRLOLPPHUVHGWUDQVIRUPHUV´$16,,(((6WDQGDUG&
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 0'XYDO³1HZ WHFKQLTXHV IRUGLVVROYHGJDVLQRLODQDO\VLV´ ,(((0DJD]LQHRQ(OHFWULFDO ,QVXODWLRQ0DJD]LQH9RO ,VVXH
SS
 %ULMHVK9.RWDGLD6DQGHHS%3DUPDU%KDYHVK66KDK³$QDO\VLVRI'LVVROYHG*DVLQ7UDQVIRUPHU2LOE\&RQYHQWLRQ7HFKQLTXHVDQG
$UWLILFLDO ,QWHOOLJHQFH $SSURDFK$5HYLHZ´ ,QWHUQDWLRQDO -RXUQDO IRU 6FLHQWLILF 5HVHDUFK DQG'HYHORSPHQW,-65' YROSS 
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